Genotyping FOXG1 Mutations Mol Syndromol 2012; 23:284-287 285 of these loci in neural development [Mari et al., 2005; Roth et al., 2010] . The following discussion supports a move towards a genetic and biochemical definition of syndromes that manifest from these genetic mutations.
The diagnosis of Rett syndrome, at present, rests on a clinical evaluation and has recently been given new criteria [Neul et al., 2010] . According to the revised criteria, there must be a period of regression following birth with loss of hand skills, spoken language, the presence of gait abnormalities, and hand stereotypy; those who do not exhibit a clear period of regression have been designated 'possible Rett syndrome' [Neul et al., 2010] . Naidu and Johnston [2011] point out that, while the syndrome has classically been a clinical diagnosis, there may be too much of a reliance on these features with the new revised criteria. The authors also call into question the designation of 'possible' Rett syndrome and emphasize that some of the cardinal features of Rett syndrome (i.e. regression) may not necessarily be present in those who have mutations in the gene associated with the classic form of the syndrome (MECP2) [Naidu and Johnston, 2011] . Accordingly, it has been emphasized by some that other genetic abnormalities, such as those seen in the FOXG1 gene, be considered in patients with Rett-like features who test negative for MECP2 mutations [Naidu and Johnston, 2011; Van der Aa et al., 2011] . The clinical overlap of Rett syndrome with other neurodevelopmental disorders has also created problems in identifying these patients early in the disease course [Ellaway et al., 1998 ]. The phenotype seen in other disorders, such as Angelman syndrome, can easily be confused with Rett syndrome [Kortüm et al., 2011] , thus, making clinical evaluation alone seemingly insufficient. This overlap is also seen in patients with FOXG1 and CDKL5 mutations and in early onset infantile Rett syndrome [Rajaei et al., 2010] . This ambiguity has led to a push for identifying molecular and genetic aberrations to complement clinical diagnostic standards [BahiBuisson et al., 2010; Kortüm et al., 2011; Naidu and Johnston, 2011] . Following the recent revision of the diagnostic criteria for Rett syndrome, Kortüm et al. [2011] pointed out potential diagnostic gaps in redefining atypical Rett syndrome. This has led to a proposed new syndrome, ' FOXG1 syndrome', based on mutations in FOXG1 and with clinical features which distinguish it from the previously defined congenital variant of Rett syndrome. Some of the key distinctions include characteristic brain imaging findings (e.g. hypogenesis of the corpus callosum), dyskinesias and the aforementioned lack of regression [Kortüm et al., 2011] ; the latter being a key criterion in Rett syndrome [Neul et al., 2010] .
Consistent identification of these patients using genetic techniques remains an active area of research. Indeed, not all patients with classic Rett syndrome harbour mutations in MECP2 , and the presence of MECP2 mutations does not necessarily correlate with the aforementioned phenotype [Christodoulou and Weaving, 2003 ]; this 'heterogeneity' has been attributed to the effect of random X-inactivation [Mari et al., 2005] . Furthermore, there have also been a number of cases reported in male patients, who traditionally were understood to succumb in utero. Le Guen et al. [2011] reported the first case of a point mutation in the FOXG1 gene in a male patient with clinical features of atypical Rett syndrome. Van der Aa et al. [2011] reported the presence of both male and female de novo mutations in FOXG1 , further supporting the notion that this is not a female-exclusive disease and that genetic testing should be broadened to include candidate autosomal genes. Indeed, while the inheritance pattern of classic Rett syndrome is X-linked, atypical cases have been shown to involve both sex-linked (CDKL5) [Weaving et al., 2005] and autosomal chromosomes (FOXG1) [Ariani et al., 2008] . Recommendations are now being made to incorporate males in screening procedures [Van der Aa et al., 2011] , a previous oversight possibly resulting from the generalization of Rett syndrome being a femaleonly disease [Takashi et al., 2011] .
To contribute to the discussion on the applicability of clinical and genetic classification of patients with Rettlike syndromes, we report the results of genetic testing for mutations in the FOXG1 gene in patients with features of the newly proposed FOXG1 syndrome [Kortüm et al., 2011] . In routine genetic testing for Rett syndrome, our laboratory stratifies patients who are negative for MECP2 mutations for further testing. From a total of 29 MECP2 -mutation negative patients, 12 patients (9 female, 3 male) that exhibited features consistent with the proposed FOXG1 syndrome [Kortüm et al., 2011] were genotyped; this information was based on clinical details submitted by the requesting clinician on the test request form. Specifically, patients presenting with combinations of the following characteristics were subjected to further genetic analysis: postnatal growth deficiency, microcephaly, mental retardation, deficient language development, deficient social interactions, stereotypies and dyskinesias, epilepsy, poor sleep patterns, irritability, excessive crying, recurrent aspiration, and frequent gastro-esophageal reflux [Kortüm et al., 2011] . Note that not all characteristics of FOXG1 syndrome were present in this group of patients. Mean age at the time of testing was 6 years. Exon 1 of the forkhead box G1 (FOXG1) gene was analysed for point mutations using polymerase chain amplification and Sanger sequencing. Sequences were compared to the NCBI reference NM_005249 [Kortüm et al., 2011] . In addition to point mutations, copy number variations have been reported in patients with the FOXG1 syndrome [Kortüm et al., 2011] . Therefore, FOXG1 Multiplex Ligation-dependent Probe Amplification (MRC-Holland) was performed on DNA samples of satisfactory quality for this testing (10 out of 12 patients). Karyotyping analysis was also performed prior to genotyping. Brain imaging (MRI) results were ascertained and compared to findings in patients with FOXG1 syndrome.
No mutations in the FOXG1 gene or copy number variations were found using this stratification. The reason for this may have been in the selection of patients for testing, due to the available clinical details. However, the provision of inaccurate or incomplete clinical details is an ageold problem for laboratory testing, and given the paucity of data regarding this new syndrome and its similarity to Rett variants, other features of FOXG1 syndrome may be present, but not identified or recorded. In an epidemiological study on Rett syndrome in Australia, Laurvick et al. [2006] identified factors that may account for this, such as incompleteness of diagnosis and follow-up, age of patients at presentation and a questionable standardization of subcategories of Rett syndrome (e.g. atypical vs. typical presentation). Given the significant phenotypegenotype variability in patients with features of Rett syndrome [Weaving et al., 2005] , stratified genetic testing using available clinical information is not an unreasonable approach.
Analysis of MRI revealed abnormalities in only 3 of the 12 patients in our cohort. These changes included microcephaly, simplified gyral pattern, early myelination, subcortical leukodystrophy, and corpus collosum hypoplasia. While some of these features have been reported in patients with FOXG1 mutations, there is a lack of consistency in the literature regarding the presence or absence of MRI findings for patients within this spectrum of clinical findings [Philippe et al., 2009] ; thus, imaging results should be taken in context with mutation analysis and clinical presentation. Furthermore, the presence of similar MRI abnormalities in CDKL5 [Bahi-Busson et al., 2008] and MECP2 -positive patients [Mahmood et al., 2010] , as well as other causes of developmental delay [Ünal et al., 2009] , suggest imaging is a nonspecific test for these patients.
Unlike classic Rett syndrome, the precise symptomatology and clinical presentation of the FOXG1 syndrome have only recently been published and may be revised over time. Given that the genesis of this syndrome stems from its similarity to a Rett syndrome variant, diagnostic confirmation using molecular techniques seems warranted. In this new age of high-throughput, relatively low-cost genetic testing, we suggest that patients with features of Rett syndrome may be best investigated with a genotyping panel, in addition to routine chromosome analysis; for example, using massively parallel exome analysis, covering all known candidate genes, including MECP2 , FOXG1 and CDKL5 . Additionally, the use of imaging modalities such as CT or MRI can help detect characteristic cerebral anomalies seen in this group of patients [Kortüm et al., 2011] , thus improving clinical sensitivity.
